The relationship between bilateral facial symmetry and beauty remains to be clarified. Here, straight head-on photographs of "beautiful" faces from the collections of professional modeling agencies were selected. First, beauty ratings were obtained for these faces. Then, the authors created symmetrical left-left and right-right composites of the beautiful faces and asked a new group of subjects to choose the most attractive pair member. "Same" responses were allowed. No difference between the left-left and right-right composites was revealed but significant differences were obtained between "same" and the leftleft or right-right. These results show that subjects detected asymmetry in beauty and suggest that very beautiful faces can be functionally asymmetrical.
INTRODUCTION
In animal biological domains perfect left-right symmetry is regarded as an indicator of fitness and high genetic quality. Asymmetry is assumed to signal low resistance to disease and susceptibility to parasites, both of which are undesirable heritable traits (Cronin, 1992; Hamilton et al., 1990) . Advertising bilateral symmetry signals quality genes and offspring survival (Moller & Miller, 1994) . According to this general biological view, preference for potential mates is thus enhanced if bilateral symmetry is present. Behavioral studies in some animals suggest that animal brains are selectively neuronally attuned to perception of symmetry (Moller, 1995) and visual perceptual mechanisms are probably in place to detect deviations from symmetry (Swaddle, 1999) .
The biological situation in humans is different from animals because humans possess multiple skeletal and anatomical asymmetries (Skvarilova, 1994) as well an anatomically and functionally asymmetrical brain. From early on, in typical interactions human infants gaze on adults who display subtle facial asymmetries. Functional asymmetries in human faces have been reported for emotions (Richardson et al., 2000; Wylie & Goodale, 1988; Zaidel et al., 1995) , both positive and negative (Benson & Laskin, 2001) , resemblance (Chen et al., 1997) , and attractiveness (Zaidel, et al., 1995) . Structural asymmetries have long been described by craniofacial and dental researchers (Vig & Hewitt, 1975; Peck et al., 1991; Ferrario et al., 1993a Ferrario et al., , 1993b Ferrario et al., , 1995 Ferrario et al., , 1994 Ferrario et al., , 2003 Skvarilova, 1994) , and have been depicted in the realistic art of ancient Greece and Egypt (Peck & Peck, 1995; Peck et al., 1991) . Moreover, in human fetal life, brain and craniofacial morphogenesis are closely related (Slavkin, 1995) . These functional, soft-tissue, and anatomical asymmetries are subtle and are not easily discerned in ordinary interactions and viewing. Dysmorphic facial features are known to be associated with specific neurological disorders such as Down's, Fragile X, Williams', and velo-cardio-facial syndromes. Subtle abnormalities have recently been reported in schizophrenia as well (Gelowitz et al., 2002; Hennessy et al., 2004; Waddington et al., 1999) . Gross facial asymmetries are unattractive, of course, but the thickness of the dividing line between the natural asymmetry and abnormal asymmetry has not yet been determined. The facial hemi-sides, as the cerebral hemispheres, are functionally asymmetric, although not surprisingly so given the morphogenetic link between brain and craniofacial appearance.
Previously published studies on functional facial asymmetries from this laboratory used faces of normal people not associated with the beauty industry and found asymmetries (Chen et al., 1997; Reis & Zaidel, 2001; Zaidel et al., 1995) . The authors now wished to determine whether or not left-right asymmetries are discernible in "beautiful" fashion models. Typically, studies investigating the bilateral symmetry issue use faces of ordinary people.
Several earlier studies have cast doubts on the relationship between beauty and symmetry (Swaddle & Cuthill, 1995) . Swaddle and Cuthill pointed out that manipulation of facial stimuli employing "averageness" confound assessments of the relationship. Studies that have used normal, head-on photographs and symmetrical left-left and right-right faces have also reported a weak relationship between beauty and symmetry (Knowner, 1996; Samuels et al., 1994) . But morphing or digital smoothing techniques have shown strong association between symmetry and attractiveness (Grammer & Thornhill, 1994; Rhodes et al., 1998) . However, when only a hemi-face was shown subjects were able to assess attractiveness, demonstrating thereby that symmetry is not a critical determinant of beauty and that someone's beauty can be gleaned from half a face (Scheib et al., 1999) . Moreover, babies viewing faces were found to be more interested in beautiful than in symmetrical faces (Rhodes et al., 2002; Samuels, et al., 1994 ). It would appear, then, that from birth, the human brain is more interested in facial features related to beauty than to features related to symmetry. Similarly, left-left and right-right faces that are perfectly symmetrical have been found to be less attractive than the original faces giving rise to them (Knowner, 1996) . The original faces had subtle asymmetries that were perceived by the viewers. Together, the findings on this issue suggest that in humans, symmetry and attractiveness are not one and the same.
Unlike the authors' previous experiments, this one used faces photographed by others. The faces were chosen from previously existing collections in modeling agencies. Because the faces were not photographed by the authors, it could not be ruled out that lateral mirror reversals were applied in some of them. Such reversals would make it impossible to validly know whether or not there are actual hemi-face differences in the appearance of beauty. However, reversals would not interfere with conclusions regarding "same" decisions (which subjects were allowed to provide when they judged that there was no difference between left-left and right-right composites). The authors thus focused on determining if participants perceived any differences in the viewed faces, particularly in "same" responses.
METHOD Participants
The participants were right-handed undergraduate students in introductory psychology courses at the University of California, Los Angeles (UCLA). They participated in order to receive partial course credit. Part A: For the beauty ratings of the model's faces, we had 27 participants in group one (15 females, 12 males) and 21 new participants in group two (14 females, 7 males). Group one rated the original views of the photographs and group two rated the mirror reversed view of these photographs. Part B: For deciding which member of the pair of left-left and right-right faces was more attractive, or if there was no difference in attractiveness, there were 26 new subjects (14 females, 12 males).
Stimuli
There were a total of 36 straight, head-on photographed faces of models (20 of women and 16 of men) earning money in the beauty industry based on their looks. They were not well-known or famous and their faces were, by and large, unfamiliar to the participants. The photographs were obtained from several modeling agencies in the Los Angeles area. Thirty-five of the faces were Caucasian and one was Asian (a female). Their age range was approximately 15 to 35 years, and all of the faces had "natural" expressions. The photographs were digitized and converted to grayscale on a Macintosh computer. Part A of this study used these faces in order to obtain attractiveness rating. Part B used Macintosh software to divide each photographed face in half down the midline, in the midsagittal axis, and created a mirror image for each half. Then, the original half and its mirror image were seamlessly aligned side by side so as to have a normal looking, yet perfectly symmetrical fullface. Thus, each photographed face gave rise to a pair of faces consisting of a left-left and a right-right composite.
Procedures
Stimuli were viewed on a Macintosh computer and all responses were made through a key press directly on the computer keyboard. Participants were tested individually. Part A: Participants were asked to rate each face on a 5-point attractiveness scale where "1" was completely unattractive and "5" was very attractive. A score of "3" indicated mid-way between very unattractive to very attractive. A "2" indicated not quite very unattractive and a "4" indicated almost very attractive. In all, participants viewed a series of 74 faces. Of those, 36 were of the models and the rest were of ordinary faces from the previously published studies from the lab of DWZ (Chen et al., 1997; Reis & Zaidel, 2001; Zaidel et al., 1995) . The faces from these two collections were intermixed within the series. Exposure duration of each face was 7 s. To ensure that the lighting was symmetrical in the photographs, the faces were presented to one group in the original view (as described under Participants) and to another group in the mirror lateral view. Part B: When pairs of left-left and right-right faces were viewed, a different group of participants was tested. They viewed a sequential presentation of 36 pairs (created from the faces of the models) for exposure duration of 10 s per pair. For each trial participants were asked to decide which member was more attractive or if there was no difference in attractiveness between the two members ("same" response).
RESULTS
For part A, the mean attractiveness rating for each of the faces was calculated. There was no significant difference between the original and mirror-reversed views. The participants judged the faces of the models to be much more attractive than the ordinary faces (t(72) = 11.7, p < .0001) used in the previous studies from this laboratory (Chen et al., 1997; Reis & Zaidel, 2001; Zaidel, et al., 1995) .
For Part B, the mean preference for left-left, right-right, and "same" was determined for each subject. These were analyzed by a repeated measures ANOVA with a within subjects factor of Face Sex (women, men) and Face Side (left-left, right-right, same). Figure 1 summarizes the results.
The ANOVA revealed a significant main effect for Face Side (F(2, 50) = 44.23, p < .00001). An analysis of simple main effects using t-tests (Bonferroni adjustment was set at p < .008) showed no significant difference between left-left and right-right, regardless of Face Sex (p > .5), whereas "same" responses were significantly lower than either left-left, t(25) = 6.12, p < .0001 or right-right, t(25) = 5.29, p < .0001, in faces of women. In male faces "same" responses were similarly significantly different, t(25) = 8.23, p < .0001 for left-left and t(25) = 6.40, p < .0001 for right-right. (With the Bonferroni adjustment for multiple comparisons, significance level was set at p < .008.) There was no significant interaction and no other main effect.
DISCUSSION
If beauty is closely linked to bilateral symmetry, then perfectly symmetrical left-left and right-right faces should be judged as being equally attractive. This is not what was found. Unlike the present study, previous publications from this laboratory used ordinary faces as stimuli in experiments on the functional (a)symmetry status of the face (Chen et al., 1997; Deblieck & Zaidel, 2003; Reis & Zaidel, 2001; Zaidel et al., 2003; Zaidel, et al., 1995) . The previous findings revealed lateral facial organization for attractiveness, particularly in faces of women. Here, this issue was investigated in photographs of beautiful faces. Although they were selected from modeling agencies' photo collections, beauty was also assessed by an independent group of participants who gave the faces high attractiveness ratings. It was found that when participants compared the left-left and right-right faces they did not judge them to be the same with regard to attractiveness. This finding suggests that participants perceived subtle lateral differences in beauty even in this series of highly attractive faces.
In the previous study (Zaidel et al., 1995) , subjects significantly rated the right-right composite of ordinary women's faces as being more attractive than the left-left, whereas men's right-right versus left-left was not significantly different. Here, with these beautiful faces, subjects were nearly equally split in their beauty decision for both sexes when comparing the left-left and the right-right to each other. This implies that physical markers of beauty, whatever they may be, are visible in each of the half-sides. These markers were perceived and affected the decision of the observers.
The specific phenotypic facial features of beauty remain to be identified and their spatial relationship within the facial frame should be clarified with future research. However, left-right bilateral symmetry has always been assumed to be a major contributing feature in perceptual assessment of beauty. The invisible demarcating line, or even range, separating beautiful from nonbeautiful is also unknown. Such an imaginary cut-off nevertheless does seem to play a role when participants compare the attractiveness of bilaterally symmetric laboratory constructed left-left and right-right faces. This is seen when comparing the results from the present study with the strong asymmetric appearance of attractiveness in earlier reports from this laboratory with ordinary faces (Zaidel, et al., 1995) . In the present study, the phenotypic appearance of beauty was dominant in the perceptual assessment and seems to have interfered in hemi-face distinction. It did not obscure, however, the presence of some asymmetry because only a small fraction of the responses were for "same".
